T his paper builds on Granovetter's distinction between strong and weak ties [Granovetter, M. S. 1973 . The strength of weak ties. Amer. J. Sociol. 78(6) 1360-1380] in order to respond to recent calls for a more dynamic and processual understanding of networks. The concepts of potential and latent tie are deductively identified, and their implications for understanding how and why networks emerge, evolve, and change are explored. A longitudinal empirical study conducted with companies operating in the European motorsport industry reveals that firms take strategic actions to search for potential ties and reactivate latent ties in order to solve problems of network redundancy and overload. Examples are given, and their characteristics are examined to provide theoretical elaboration of the relationship between the types of tie and network evolution. These conceptual and empirical insights move understanding of the managerial challenge of building effective networks beyond static structural contingency models of optimal network forms to highlight the processes and capabilities of dynamic relationship building and network development. In so doing, this paper highlights the interrelationship between search and redundancy and the scope for strategic action alongside path dependence and structural influences on network processes.
Introduction
There has been increasing interest in the nature of organizational network ties and their implications for knowledge creation and sharing (Ahuja 2000; McEvily and Zaheer 1999; Muthusamy and White 2005; Powell et al. 1996; Uzzi 1996 Uzzi , 1997 . Research has suggested that close and dense networks characterized by embedded relationships (strong ties) facilitate the sharing of highly contextual and complex knowledge by developing trust and creating common values and norms Nobeoka 2000, Uzzi 1997) . Dense networks are contrasted with sparse networks that are seen as less effective at transferring tacit and embedded knowledge, but they allow firms to avoid redundancy and find novel and heterogeneous forms of knowledge by relying on more distant and sporadic contacts (weak ties) (Burt 1992) . A third stream of research recombines these conflicting views and recognizes the potential of network configurations that mesh cohesion and structural holes, strong and weak ties, and proximity and diversity (Levin and Cross 2004 , Nooteboom 2000 , Obstfeld 2005 . Questions of how to efficiently manage networks remain, however, because the strengthening of network ties leads to increased redundancy (Maurer and Ebers 2006) , whereas continuing to extend the network is costly in terms of search and can lead to network overload, i.e., the constraints faced by actors in managing and sustaining a large number of contacts (Steier and Greenwood 2000, Elfring and Hulsink 2007) . Our understanding of how these challenges of network redundancy and overload may be overcome remains relatively limited.
Our primary focus in this paper is on interorganizational, dyadic relationships. A foundational concept for such research has been Granovetter's (1973) differentiation between strong and weak ties, which has informed numerous studies of networks' structural properties and their implications (e.g., Gulati 1995 , Uzzi 1997 .
1 These constructs are critical to understanding network structures, but when treated as absolute and static in crosssectional analyses, they limit our ability to delineate the dynamic and multifaceted aspects of ties (Ibarra 1992) and to explain how networks may evolve. Specifically, current conceptualizations of network ties do not offer clear guidance on how firms may manage their networks in response to tie accumulation and the duplication of resources. As Steier and Greenwood (2000) have argued, network overload is particularly damaging in terms of efficiency because the positive effects of having a large number of contacts are cancelled out by the amount of extra time and resources needed to maintain them. Moreover, large networks may further exacerbate the problem of redundancy. In this paper we extend understanding of network evolution by providing a temporal and processual framing of how networks develop that moves beyond structural contingency models and revisits the limited attention paid to agency to date. This allows for an assessment of the processes through which networks develop as actors look for new opportunities and/or suspend exchange to overcome the related problems of redundancy and overload.
This paper contributes to our understanding of the issues involved in managing networks in dynamic environments, and in particular, how the twin problems of redundancy and overload can be overcome by exploring different forms of search activity, assessing processes of relationship formation and decay and the relevance of different types of ties for accessing and mobilizing new knowledge in a longitudinal empirical study of firms in the European motorsport industry. Specifically, this paper first extends theory on network ties by elaborating on the distinction between weak and strong ties. We deduce two further types of ties from past research-potential and latent ties. These are defined as, respectively, embryonic relationships where knowledge transfer has not yet occurred and established relationships that are currently inactive in terms of exchange. Such ties have been described (e.g., Todeva 2006), but not previously, to our knowledge, have they been formally defined and made the subject of empirical research. We then draw on empirical evidence to evaluate their significance in terms of how the network develops. For example, the active search for and development of new potential ties both offer firms the opportunity to identify new ideas (affecting the structure of the network) and also help engender a network context conducive to knowledge creation (promoting collaboration between network partners). Conversely, the decay of strong ties to a latent form alleviates redundancy and overload problems, but if revitalized, these ties may quickly become sources of newly relevant knowledge. Networks thus evolve through actors' looking at new opportunities (developing potential ties) and/or by suspending exchange with others that are redundant (maintaining latent ties). Such a formulation moves away from existing static conceptualizations of network ties and offers a better understanding of the nature and role of differing ties in high-tech and dynamic environments.
A second contribution comes from the close evaluation of firms' strategic actions in regard to these two types of ties. We elaborate understanding of how firms (i) promote or conduct search activities either through individuals or organizationally that extend beyond established connections or local fields to more distant potential collaborators, and (ii) respond to network redundancy by suspending exchange but maintaining latent relationships with established partners until circumstances create new opportunities or needs. This provides insights into how firms seek to build contingently optimal networks over time and with reference to current and future conditions through highlighting the significance of ongoing search and relationship managing processes.
A third contribution comes from the recognition and evaluation of the interrelationships between network development processes, knowledge requirements in innovation, and the strategic actions of firms. The strengthening of established ties leads to increasing network redundancy (Maurer and Ebers 2006) , and to counteract this, firms temporarily suspend exchange but maintain these latent ties through informal and personal ties. Our findings show that motorsport companies prefer to renew past latent relationships rather than to forge new ties ex novo when these partners have shown expertise, high reliability, and quality of work. Moreover, given latent ties' history of successful exchange, their reactivation may provide a quicker and smoother way to handle new developments and emerging problems. Further research in different sectors is required, but our findings suggest that the maintenance of latent ties that can be reactivated may be a more efficient and effective way to cope with periods of network redundancy than extending proactive search activity.
The rest of this paper begins by providing some theoretical background to the notion of organizational network ties and their link to knowledge transfer. Building on and extending those ideas, it develops and defines potential and latent ties. It then describes the empirical setting and data sample. The empirical findings are presented to show how these types of ties inform processes of network development and to explore when and why such ties are most relevant. Finally, it presents and discusses the results, underlining the value of potential and latent ties in extending our understanding of processes of network evolution and how the problems of redundancy and overload may be overcome.
Theoretical Background
Theorizing on network ties has its roots in sociological theory and, in particular, the work of Granovetter (1973 Granovetter ( , 1985 . His distinction between strong and weak ties has shed light on the nature of social attachments and the complex social elements that characterize them. Further research in this area has identified the key features of these ties in business networks (see Gulati 1995 , Larson 1992 , Ring and Van de Ven 1992 . This literature portrays strong ties in terms of close-knit bonding, philos, and repeated and prolonged interactions among the parties (Krackhardt 1992; Uzzi 1997 Uzzi , 1999 . It also highlights that this familiarity fosters high levels of trust, reciprocity, and social capital (Gulati 1995 , Larson 1992 , Nahapiet and Ghoshal 1998 . For example, Dyer and Nobeoka (2000) describe how repeated and long-term interactions between Toyota and its suppliers have promoted the emergence of strong ties based on trust, norms of reciprocity, and social attachments. Weak ties, on the other hand, are characterized by irregular and infrequent exchanges without any extended social contact among the parties. Their short-lived nature, however, cannot be assumed. As Dyer and Singh (1998) have observed, weak relationships may involve frequent and enduring encounters. The defining distinction between strong and weak ties is the closeness (or what Marsden and Campbell 1984, p. 498 , describe as "emotional intensity") informing the nature of action and transaction. This distinction, drawing on Parsons (1968) , is sometimes described in terms of universalistic or particularistic relations (Biggart and Delbridge 2004) .
Several scholars have also explored the implication of these ties for knowledge transfer activities across a variety of contexts (Faems et al. 2007; Hansen 1999; Uzzi 1996 Uzzi , 1997 . What they conclude is that strong and weak ties offer contrasting benefits in terms of the knowledge flows they facilitate. Strong ties provide organizations with high-quality information and tacit knowledge and allow joint problem-solving arrangements to develop. Weak ties, on the other hand, act as bridges between separate actors and allow them to access novel information. It is thus common in the literature to see strong ties associated with knowledge exploitation and weak ties with exploration (see, for example, Nooteboom 2000) .
In recent years a great deal of research has extended the above-mentioned arguments at the interorganizational level of analysis, investigating how network structures facilitate or hinder knowledge flows (Ahuja 2000; Burt 1992; McEvily and Zaheer 1999; Muthusamy and White 2005; Powell et al. 1996; Powell 1998; Tsai and Ghoshal 1998; Uzzi 1996 Uzzi , 1997 . A key argument is that specific network positions confer advantages to organizations in terms of increased collaboration, better access to information about potential partners, exchange of tacit and complex knowledge, and development of trust. However, there has been disagreement both about the network configuration responsible for such benefits and the implications for organizations seeking to devise an optimal network of ties. Some scholars stress the positive effect of dense and close-knit relations among firms (Coleman 1988 , Powell 1990 or "close networks" in the exchange of knowledge and the creation of group norms, trust, and embeddedness. However, structural holes theory (Burt 1992) argues that the benefits of network structures result from the diversity of information created by loose collections of firms. According to Burt, close networks hinder organizational performance by promoting increasing levels of redundancy. This argument has been substantiated by the work of Gargiulo and Benassi (1999) , Uzzi (1996 Uzzi ( , 1997 Uzzi ( , 1999 , and Uzzi and Gillespie (2002) , who find that when organizations are overly dependent on embedded ties, they seal themselves off from external sources of new ideas.
Some have attempted to integrate these differing perspectives and have reached the conclusion that the optimal network structure in terms of knowledge transfer is represented by a mix of strong and weak ties (see Burt 2001 , Uzzi 1997 . Although the combination of these two perspectives has advanced our understanding of knowledge flows in network structures, there has been less work done on the problems of achieving efficient and effective networks. Obstfeld (2005, p. 103) captures an aspect of this with what he labels the "action problem." This refers to the fact that a network rich in structural holes offers substantial benefits in terms of exposure to a wide variety of ideas but at the same time limits effective action taking. Research has found that having a wide-ranging network of relationships both enhances firms' ability to find valuable knowledge and their speed of learning (McEvily and Zaheer 1999 , Reagans and McEvily 2003 , Zahra et al. 2000 . Unless they subsequently develop in certain ways, however, these structures may not be able to implement those ideas in an effective way. A key problem for firms, in this respect, is the management of a large number of connections. In the long run, the sheer number of these may become damaging and erode the benefits offered by being connected to multiple parties, a situation described by Steier and Greenwood (2000, p. 168) as "network overload." For example, a study by Burt (2004) on the opportunities presented by structural holes clearly reveals the lack of activity directed at mobilizing and implementing novel ideas. Similarly, Owen-Smith and Powell (2003) find that patenting activity by U.S. universities working for the biotechnology industry is harmed by a very high volume of connections.
Close and dense networks, in contrast, are better able to bring about coordination and implementation activities and, thus, foster knowledge creation. However, their very structure hinders the generation of new ideas because of the redundancy of the information they gather (Granovetter 1973 , Burt 1992 . This problem seems to be particularly relevant in turbulent and fast-changing environments associated with technologyintensive sectors. In these circumstances, there is an increasing emphasis on strategic action, and firms must remain alert and constantly scan the market for new and alternative ideas (Afuah 2000 , Ahuja 2000 , Rowley et al. 2000 . However, merely seeking to grow the network as a response to new needs runs the dual risk of redundancy and overloading the network. Relatively little is known about how firms can address these challenges, and recognition of these issues has heralded recent calls for greater attention to the processes of network formation and development and the role of strategic actors in these processes (Dhanaraj and Parkhe 2006, Parkhe et al. 2006) .
Concerns to develop research on network processes, in general, and the action problem associated with both structural holes and close networks, in particular (Levin and Cross 2004, Obstfeld 2005) , reflect the static manner in which network ties have been defined in the literature (Granovetter 1992 , Ibarra 1992 ). Conceptualizations of ties have concentrated on whether they are (relatively) strong or weak. This remains useful but limits our understanding of the dynamics of ties. The network literature has paid little attention to the temporal characteristics of ties; in other words, ties are treated as if they are unaffected by time and history. This "temporal reductionism" (Granovetter 1992, p. 34 ) limits our understanding of how relationships change and transform over time, and it also restricts the understanding of the role of actors in network change (Salancik 1995 . Although a number of studies have started to shed light on the phases through which relationships may continue or decline (Baker et al. 1998 , Burt 2000b , Fichman and Levinthal 1991 , Levinthal and Fichman 1988 , Ring and van de Ven 1992 , Seabright et al. 1992 , their work remains anchored to the analysis of selected moments in the development of ties. In addition, this literature has given little consideration to the role of strategic action in how ties are built, how they strengthen or weaken over time, nor to how the problems resulting from network growth through tie accumulation can be overcome.
In this paper, we aim to address these questions of network management and efficiency and the processes and roles of actors involved by extending Granovetter's initial distinction and introducing the concepts of potential and latent ties. This provides a broader basis for understanding the processes leading to both the inception and changing nature of network ties over time. It also has important implications for how knowledge is both shared and created at the network level over periods of time.
The following section provides definitions and a brief discussion of potential and latent ties and adds these to a typology of ties alongside strong and weak ties.
Potential and Latent Ties
Existing research gives little consideration to the exploration activities involved in the search for potential exchange partners and to the processes that lead to the development and strengthening of these relationships (Birkinshaw et al. 2007) . Search activities will initiate links with numerous actors. We call these putative relationships potential ties, and we define them as embryonic relationships that have the opportunity of, and potential for, further development. Exchange is restricted to readily codified information about each other from which the parties decide whether to invest further in the relationship. This is thus a temporary condition from which a tie may further develop or die. The prospects of development depend upon the actors' "logics of attachment" (Powell et al. 2005 , p. 1134)-preferential attachment according to degree (Barabási and Albert 1999, Watts and Strogatz 1998) , where well-connected actors are more likely to receive new links; homophily (McPherson and Smith-Lovin 1987) , whereby ties are more likely to develop between actors that are similar in certain characteristics; and trend following, where actors seek to mimic the dominant pattern of behaviour in an organizational field (DiMaggio and Powell 1983)-and/or their orientations to exchange (Biggart and Delbridge 2004) . They may also depend on partners' status, reliability, and ability to confer valuable resources (Gulati 1995 , Gulati and Gargiulo 1999 , Podolny 1994 . Hence, over time these relationships may develop in a number of ways, with some ties becoming increasingly embedded. For example, the discovery of a promising opportunity to develop a new technology or a new process may encourage potential partners to come together and engage in joint R&D activities. However, for such joint learning and knowledge creation to happen, the partner firms have to promote increasing levels of social interaction founded on the development of shared norms and procedures (Kogut and Zander 1996, Muthusamy and . This can also be achieved with the help of third parties who facilitate coordination between dissimilar others (Obstfeld 2005) .
Ties may become weaker rather than stronger. As previously mentioned, this is a phenomenon in networks that has been noted but little investigated (Baker et al. 1998; Burt 2000a, b; Elfring and Hulsink 2007) . The weakening of strong ties may lead to a state of latency. Latent ties are established relationships that are currently inactive. This, however, is not a permanent condition. Over time, the parties may reverse this state and reestablish meaningful interaction or what organizational theorists call "tie repetition" (Baum et al. 2005, Sorenson and Stuart 2001) . Such a phenomenon has been observed in the context of project-based organizations. For example, Faulkner (1983) , in his study of the movie industry, notes that even after the completion of a movie, parties often maintain latent relationships that are reactivated for subsequent projects. Similarly, Starkey et al. (2000, p. 300) have advanced the notion of "latent organization." This has also received attention in entrepreneurial studies. For example, Steier and Greenwood (2000) , in their study of angel investors, describe the development of an entrepreneurial network through the reactivation of "dormant" ties. Latent relationships, because of their discontinuous activity, may bring nonredundant information to the network and alleviate excessive insularity. If latent ties remain inactive over long periods, then they may suffer further decay.
Drawing on past research and theory, we are thus able to differentiate ties on a series of dimensions: the character of the social relations between actors, including those actors' orientations to the exchange relationship and the regulation of the relationship; and their temporal dimensions-that is, their frequency of use and the length of the relationship. Latent and potential ties can then be compared with the well-established concepts of strong and weak tie (see Table 1 ). Strong and weak ties have been understood as both discrete categories and ends of a continuum in cross-sectional analyses, but the introduction of a temporal dimension as part of longitudinal analyses allows the dynamics of networks to be better assessed. Potential and latent ties are temporary conditions, and their theorization opens up the prospect for understanding the stages of tie development. These are relationships that are relevant at multiple levels of analysis. Our primary focus in this paper is on interorganizational ties, which are analytically distinct from, but related to, the personal ties of organizational members (for an early consideration of this, see Breiger 1974) . In practical and empirical terms, it is important to evaluate the interrelationship between these (see, with particular reference to social capital, Inkpen and Tsang 2005) . For example, the movement of key personnel in partner firms with a latent tie may herald terminal decline in the interorganizational relationship.
Research Setting and Methodology

Industry Context
The European motorsport industry was selected as a prime venue for examining the temporal dynamics of interorganizational ties and their effects on network evolution in a high-technology, knowledge-intensive sector. Over the last 20 years, the industry has gone through a period of transformation that has changed the way racing-car manufacturers relate with their suppliers and compete on the track. This is particularly true for Formula One, where teams have moved from a vertically integrated structure to more organic and participative relationships with supplier companies. This change was in response to the growing complexity of the technology used in racing cars and increasing competition on the track (Jenkins and Floyd 2001) . For example, improved knowledge of aerodynamics fuelled a range of technological developments that made the structures of cars more complex and elaborate. At the same time, the introduction of new materials from the aerospace industry required knowledge of their properties. Hence, the design and building of racing cars became more demanding and involved specialized know-how that racing teams did not have. This required racing-car manufacturers to seek closer collaboration with key suppliers, becoming increasingly reliant on their contributions for the development of innovations, components, and testing. It also led to changes in the nature of relationships. Racing-car manufacturers vertically disintegrated, changed procurement strategies, and actively encouraged increased collaboration with supplier firms.
Technological development brought with it an increase in the levels of competition. Racing teams compete in the search and development of technical solutions that will give them an advantage on the track. This means that teams dedicate a considerable amount of time and money to R&D, identifying the best suppliers and developing relationships with them. Competition for the best solutions is then translated into competition on the track. The key players examined are racing-car manufacturers and suppliers of components and services. The networks are diverse, and suppliers have been classified by looking at the activities they carry out and the capabilities they have. Initial information about the range of activities performed in the motorsport industry was obtained from the Autosport directory (Pye 2001) . Further clarification of the roles and activities of supplier companies was gained through the interviews, and the following types of suppliers were identified: commodity supplier, process specialist, equipment specialist, production specialist, technology specialist, full-system supplier, and technology partner. These are not mutually exclusive categories, because one supplier may assume different roles for different customers or products; e.g., full-systems suppliers may also be technology partners. This typology represents an increasing level of technological complexity (see Table 2 ). The full range of suppliers is included in the research. A total of 37 companies were included (21 in the United Kingdom and 16 in Italy) in the first phase of interviewing using the technique of purposeful sampling (Patton 1990 ). These samples were subsequently extended to include an additional 39 companies to the project (26 in the United Kingdom, 5 in Italy, 5 in Germany, and 3 in France). Expanding the sample was motivated both by the opportunity to follow up specific examples of interorganizational relationships from the first phase and by the possibility of collecting information about multiple partners located in different European countries. This allowed us to obtain maximum variation (Lincoln and Guba 1985) and to select companies that were performing different tasks and were also related to other industries (e.g., aerospace, chemical, metal treatments). Analysis of historical data indicates the increasing tendency of racing-car manufacturers, especially in Formula One racing, to create linkages with actors operating in lateral fields of technology that may provide complementary knowledge and ideas.
Methods
In total, 114 interviews were carried out, with 59 taking place during phase 1 and 55 in phase 2. The UK industry has a larger number of firms involved in motorsport, and the majority of interviews were carried out there (69). Interviews were held with people at different organizational levels and performing different tasks. In particular, three categories of people were chosen: directors and managers, engineers (mainly in the area of product development), and other employees from the production/technical division responsible for production. This allowed the authors to gain a multilevel understanding of the nature and quality of ties, search activities, and knowledge flows. Whereas interviews with directors and managers helped to better understand issues regarding the management of relationships, those with engineers and technical staff were aimed at finding out why and how motorsport companies search for new technologies and knowledge and how these contribute to knowledge creation. All of the interviews were conducted by one of the authors and then discussed jointly soon after. The interviews lasted from 45 minutes to over 2 hours in length and were conducted on a one-to-one basis with participants either in their private offices or in a meeting room.
The reporting of the interviews was made anonymous. The objective of the in-depth interviews was to unveil and elucidate the rich experience and knowledge of the respondents in relation to the nature of network ties established by motorsport companies. Particular attention was given to the general reflections, experiences, and insights of the respondents in connection with the initiation, strengthening, and weakening of relationships. All of the interviews were taped and transcribed verbatimand those in Italian were translated into English. Some time was also spent talking to participants informally, usually joining them for lunch or coffee, and records were also made of these discussions.
Data collection and analysis were conducted with an exploratory mind-set, and they were intended to generate insights into the types and nature of the connections between racing-car manufacturers and their suppliers in relation to knowledge sharing and creation. The process of data collection and analysis proceeded iteratively. In the early stages, it was open-ended, and it became more focused in the later stages to allow for themes to emerge and then be explored and examined in more detail. For example, whereas at the beginning respondents were asked whether they were engaging in knowledge search activities, at later stages they were also asked to provide specific information on how different search processes were handled. This became an important issue because motorsport companies search for new information in different ways. The initial phase focused on gaining an understanding of company activities and their connections within the industry. In the later stages of the research, interviews became more focused on specific topics, and emergent themes were followed up. In particular, these related to issues of relationship formation and decay, as well as the importance of network diversity.
In addition to interviews and observation, extensive documentation about the companies, their projects, their partners, and the motorsport industry was collected. This provided important contextual information that helped in framing the nature of ties in the industry and their contribution to knowledge creation activities.
Inductive qualitative analysis techniques were used to analyze the data (Coffey and Atkinson 1996 , Eisenhardt 1989 , Strauss and Corbin 1990 . Analysis consisted of several readings of the interview transcripts, and various documentation, and a review of the issues emerged during the informal conversations with participants. This generated a number of general categories that were subsequently refined through constant comparison of the data. The categories that emerged included the following: "close/weak interaction," "joint work," "new relationship," "relationship with no exchange," "complex technology," and "problem solving." The progression from data collection to interpretation was intended to be reflexive rather than serial. Although there was an effort to verify the findings of previous research (Eisenhardt 1989) , that focus alone would have precluded important emergent understandings about the nature of potential and latent ties and their relevance for knowledge creation and transfer. Moving reflexively between data, analysis and reconceptualizations allowed categories to be compared and combined in new ways until a general picture started to emerge.
Network Ties in the European Motorsport Industry
Motorsport companies in the European motorsport industry draw extensively on strong ties. These are developed over time, often as a result of the heightened competition and the growing technological complexity in the industry. The empirical findings show how racingcar manufacturers have put more effort into developing closer business relationships with their suppliers than was historically the case. This has been achieved through vertical disintegration and the involvement of suppliers in the early stages of product development. By encouraging suppliers to participate collaboratively in product development activities, racing-car manufacturers have then sought to progressively nurture a network orientation toward "working together."
In this context, both personal and organizational ties play an important role because the industry is relatively concentrated and composed of many small-and medium-sized firms. Relationships at the interorganizational level are often enhanced by the development of interpersonal linkages as a way to facilitate knowledge exchange, especially when the complexity of the technology involved requires numerous skills and functions. The use of resident engineers, where employees of one organization are located at the site of another, is a good example of how racing-car manufacturers and suppliers progressively develop multiple personal relationships that further strengthen interorganizational linkages and build stronger embedded ties. This in turn provides the foundation for ongoing face-to-face interaction and sharing of knowledge. As we will see, personal ties also feature prominently in search activities and may prefigure interorganizational relationships.
Although racing-car manufacturers make significant efforts to develop strong ties, their endurance cannot be guaranteed. The continuation of collaborative relationships is often informed by the perceived needs and strategy of racing-car manufacturers. Specifically, decisions relating to the further strengthening of ties or the termination of exchange will be influenced by each partners' reputation and reliability and each racing-car manufacturers' orientation to exchange and resource requirements. The existence of weak or weakening relationships seems to be directly related to the presence of exiguous or nonexistent specific investments in a relationship (Williamson 1985) . When the knowledge and the resources exchanged are of modest value or concern readily available information, then the relationship will be unlikely to strengthen. As shown by Hansen (1999) , weak ties can be a source of useful information but do not involve the high maintenance costs associated with close and strong ties. This is specifically the case of companies providing interchangeable components or those who provide low-tech components/services. Thus, supplier companies providing relatively generic products or services, or those with numerous competitors, find it difficult to build close relationships. The relative ease with which they may be substituted leaves them with limited influence and power, as anticipated in well-established resource dependence arguments (Pfeffer and Salancik 1978) . This is particularly the case in the United Kingdom, which is home to numerous race teams and suppliers.
Tie dynamics and the nature of the exchanges taking place are affected in a significant way by key actors' strategic considerations and actions. The weakening of relationships shows how racing-car manufacturers are selective and vary the extent to which they develop closer links. This will depend on their assessment of the reliability of suppliers and the value and scarcity of the knowledge and resources they are able to offer. The extent of involvement and investment in a weak relationship will also influence whether ties are shortterm links or durable arm's-length relationships (see ).
Searching for Potential
Strategic considerations shape not only current ties but also inform whether new exchange relationships are formed (potential ties) or existing exchange is suspended (latent ties). The search for potential new partners and new sources of knowledge/solutions is driven by the technological complexity of the knowledge required in motorsport, its rapid obsolescence, and the consequent need to anticipate future technology needs. As the head of engine development of GE-F1 proclaimed, "We cannot allow other companies to introduce new technologies before us; we have always to be in contact with the latest developments in engine technology." Hence, in this highly competitive environment, motorsport companies have to constantly look for new technological possibilities with the concomitant prospect of needing to expand their network ties. Although theory predicts that past Table 3 Forms of Search Activity
Search for new potential ties Example
Through personal relationships "I have a very old friend, one of my old associates, one of the first jobs that I was ever involved in motorsport, which was back in 1984; he was the design one of the design managers for the racing company that I worked for. Well I contacted him about two years ago when I knew he was at the race team, and I wanted because they weren't using our product at the time and because he was high up in the organization usually if you know somebody and you have something, you're better able to talk to someone who knows you, who will listen to you." (Managing director, technology specialist supplier)
"To develop this technology we made contact with [supplier name]. One of our staff had a personal relationship there with an engineer who was familiar with some of the materials and processes we wanted to use. Therefore, we decided to develop the relationship with the supplier and start collaborating on the project." (Head of materials development, GE-F1)
Through work-related relationships "There's another guy that used to work for one F1 team who was high up in the design; he's now gone to work for a rally team within WRC, the World Rally Championship; he's one of the major design engineers. I contacted him; initially he seemed very interested, spoke with him for some length on the phone and he made, well, I would say he made the right sounds and noises, and I thought, yeah, great, next year we can do some development work. Six months went by, eight months went by; I managed to get a response from him which wasn't what I wanted to hear and then I got another response back from him which was totally what I didn't want to hear, that basically said we'll contact you, we know where you are, we'll contact you." (Managing director, technology specialist supplier) choices and ties affect subsequent affiliations by promoting tie repetition or tie transitivity, motorsport companies show a significant degree of strategic choice. In particular, they display a preference for diversity (Powell et al. 2005 ), searching for novelty in different engineering fields and connecting to heterogeneous partners. The search for new partners and potential new ideas is not always straightforward, and it can take a variety of forms. Our research identified four related search activities: search by individuals through personal ties, search by individuals through professional work ties, informal open-ended search by individuals, and formal strategic search by organizations (see Table 3 ). In some cases, motorsport companies draw on engineers' past personal ties as a way to get in contact with new partners. These personal ties originate either from engineers' friendships and past education contacts or from their previous employment. In a relatively small and concentrated sector like motorsport, these are a significant potential resource and constitute an important base for the forging of new interorganizational ties between companies that do not have current business relationships. This is because personal ties reduce the uncertainty about potential partners and provide quicker and easier access into resources and knowledge. These ties are often developed reactively in response to a problem that emerges.
More proactive and strategic search activity may be undertaken by individuals or at organizational levels. Individual employees' attendance at trade fairs, exhibitions, and workshops in different fields of engineering is another way through which motorsport companies may come into contact with new technology solutions and potential new partners. Sorenson and Stuart (2008) have observed that particular social settings favor the formation of distant ties, and Shipilov and Li (2012) have shown how individuals can enhance their career prospects through new interpersonal ties formed at informal events. These encounters, however, are largely serendipitous, and attendance at these events does not guarantee that new partners with high potential are found. A further and more strategic approach by motorsport companies to search for new partners is the use of individuals who act as "technological gatekeepers" (Allen 1977, p. 150) . Technological gatekeepers search for, carry, and disseminate useful information. More specifically, their role is to scan the market in search of new technologies that could reside either with potential new partners or dormant relationships which have not been in use for some time. This case is exemplified by a leading racing-car manufacturer in Italy, which, over the last 10 years, has deliberately put in place "technological antennas" as a way to reach new ideas and act as "informative links" with suppliers or research centres. The use of technological antennas represents the strategic action of an organization in managing its network of ties. Whereas other motorsport companies tend to use an undifferentiated strategy to search and regard it as a secondary job of all employees, the Italian racing-car manufacturer has delegated the search function to various specialized groups of people to make it more effective and increase the variety of ideas flowing in the network. A German F1 racing-car manufacturer has also followed a similar approach and has put in place a number of research groups in various parts of the world to gain access to new technological developments and monitor different marketplaces and sectors.
These search activities bring individuals and organizations into contact with potential partners. Potential ties, as described previously, are relationships that are still embryonic but display the opportunity for development. The prospects for development of these ties, and the organizational decision to form and develop an interorganizational tie, depend on a number of features that are largely consistent with the extant literature on new tie formation. In general terms, motorsport companies tend to enter into a new relationship with other organizations that share a similar operational approach and context and/or display an interest in codevelopment. Motorsport companies also tend to form new ties with other companies that are leaders in a particular technological field or have a proven track record of working with other motor-racing companies. Relationships at interorganizational levels are also more likely to form between firms that have larger numbers of individual members with higher levels of interaction on a personal basis. This suggests that although motorsport companies have an espoused strategic preference for diversity in their connections, their actions are moderated (but not determined) by homophily, status, and path dependence influences.
The process of selection of potential new ties involves basic information exchange to assess the quality, similarity, orientation to collaboration, and resources of a possible partner. Third parties and common parties may also contribute to the collection of this essential information and help in the assessment process. This preliminary contact and flow of information form the basis for the possible development of potential ties into weak ties and then strong ties. Alternatively, if the parties conclude that the collaboration is not fruitful, their relationship will not develop beyond a weak tie and over time may well dissolve. This makes the search for relevant partners more efficient and helps motorsport companies avoid building a large array of contacts with its attendant difficulties. The evidence from the research on the actions taken in how potential ties start, may further develop, or decay is schematically represented in Figure 1 .
The following two examples provide empirical evidence about the processes and actions that may lead to the development of potential new ties in order to briefly illustrate and elaborate these. The first example is the relatively straightforward case of a full-systems supplier seeking out new information about casting technologies and processes that was then used to inform investment in its own network's casting facilities. The commercial manager gives an account of the activities undertaken:
We started with a plain sheet of paper and we did a tour of the world to see what [casting] technologies are out there and we went to many different companies, and we brought back those ideas and we put all the package together in a state of the art foundry that [supplier name] owns but our supplier-partner runs for us
We developed better tooling practices, we develop better metallurgy and the casting process, and we believe we have made a significant step forward in castings by collaborating with a major supplier and a significant investment in the plant.
In this case, the search process highlighted potential, but most of the potential ties identified did not develop beyond a limited exchange of publicly available information. Only subsequent processes of evaluation and interaction allowed a productive strong tie to emerge. The full-system supplier would not have been able to implement the knowledge gained without the help of a new expert partner capable of running the foundry. Thus, one of the potential ties identified in this search activity was further developed and strengthened to build a closer and more active relationship. This partner already had some knowledge of casting, but the information gathered through the tour allowed the two companies jointly to improve tooling, metallurgy, and casting processes significantly. The result was, for the two organizations involved, significant innovation in manufacturing processes, which in turn contributed to new product development. As anticipated by Obstfeld (2005) , it is thus the combination of information gained and the action taken that results in the mobilization of knowledge and significant innovation. A second example portrays the discovery of a technology specialist company with extensive knowledge in casting processes and how the development of this potential tie has led to a breakthrough development in technology. A small Italian supplier in collaboration with an Italian Formula One team (Italy-F1b) made a significant breakthrough in the processing of titanium for transmission components by casting rather than welding the metal. Because the Formula One team and its supplier lacked the necessary knowledge in casting to perfect their method, they engaged in search activities and looked for possible solutions in various sectors around the world. After trying many foundries, they found one in the United States that had specialist expertise in golf club manufacture, and they developed a collaborative link. The production manager of Italy-F1b presents a vivid account of the particular efforts made. He says,
The transmission in titanium is not something new. Barnard, together with Ferrari, was the first to introduce the transmission in titanium made of small pieces welded together. We have been the first to adopt the casting of titanium and this had a positive effect on the company; moreover, it has given visibility to the idea we developed with [supplier name]. [Supplier name] has done a lot of research in the production technology and in the casting technology-this is the biggest problem because of the thinness of the components required in Formula One; our transmission is very thin and to weld titanium parts in such small dimensions it is not easy. Instead of using moulds made of wood, they [the supplier] have refined a method called "micro-fusion" through the use of rapid prototyping; thanks to rapid prototyping, they have made the moulds for the casting and then they have started to look for a partner in the [United] States, helping them in the casting process. After trying many foundries, they found one-I think it is specialized in golf clubs, because the head of a golf club is hollow inside and requires being very thin-and together with this foundry, they have worked on the casting process.
Collaboration between Italy-F1b, the Italian supplier, and the American company started with some research on materials such as aluminium, steel, and titanium. The newly formed relationship took on a personal and social dimension as the parties became better acquainted and learned about each other. It then further progressed and deepened when the partners realized the potential for developing a specific process for the casting of titanium. This required intense and face-to-face collaboration because of the complexity of the problem and the uniqueness and tacitness of the knowledge involved. This engagement led to two further developments. First, it resulted in the emergence of norms regarding issues such as confidentiality, disclosure of information to external parties, trust, mutuality, and reciprocity. Second, it encouraged Italy-F1b, through its Italian supplier, to form a long-term partnership with the American company and to engage in the advancement of casting techniques and materials. Participation in joint development activities led to the innovative method for the casting of titanium, and a tie with initial potential developed and strengthened over a period of time.
Taking a wider view of the data, the findings indicate that motorsport companies, by engaging in the search for new partners, are able to garner a variety of ideas, solutions, and ways of thinking. The development and strengthening of these potential ties allow for those ideas and solutions to be implemented, stimulating innovation and knowledge creation (Table 4 ). The prospects for potential ties to develop into strong ties are much greater where prospective partners fulfill requirements of quality, similarity, and compatible orientations to exchange, and they are able to offer valuable resources and knowledge. Conversely, if these requirements are not met, then potential ties will at best develop into weak ties and over time are likely to decay. In this way, motorsport companies attempt to avoid excessive tie accumulation and make the search for relevant ties more efficient. , an aerospace supplier. We are similar in many respects, for example, in terms of advanced technological research and in dealing with complex or difficult environments. We are constantly looking for this sort of relationship, but they are not premeditated." (Head of car performance and research and development, Italy-F1a) Shared strategic (innovation) agenda "In many cases if you identify the right target, the chance of them saying yes is quite high, cos they are probably also a company that wants to push the frontiers. An example would be an American company, they haven't had much involvement with F1 teams before, but the way that the relationships tend to develop is we say, we have got this need, have you got any needs which match or can work together, you come and see us, we go and see you, and we get the technical experts together and see if there is anything there that kind of jells." (CEO, UK-F1) Leadership in a particular technological field outside motorsport "Their [supplier] relationship with us is based on them being able to develop processes with us that they then can showcase or utilize elsewhere in their client base: [supplier name] want to develop a relationship with us because they can demonstrate that they can do things for an F1 team in a very technical, difficult environment which then they can use elsewhere." (CEO, UK-F1) Proven ability to work successfully with other motorsport companies "In the past, we [Ge-LeMans] successfully collaborated with [supplier name] a well-known supplier in motor racing on the direct injection TFSI used in the successful [Ge-LeMans car]. This collaboration has been carried over to the TDI project. Together we developed the latest generation of Common Rail Injection System." (Head of Design, Ge-LeMans)
Redundancy and Latency
This consideration of search and potential ties highlights the interrelated evolution of individual ties, knowledge flows, and the wider network. An indirect consequence of companies' quests for new technological know-how and new ties is "redundancy," a key factor in the weakening of relationships. Redundancy represents the duplication of resources and knowledge and the reduction in relevance of the knowledge obtained from existing ties. In such circumstances, exchange with current ties that become redundant may be at least temporarily suspended. It is this feature of network dynamics that our second type of tie, latent relationships, helps to elaborate. Although these ties are dormant, they are still part of the network, primarily through the endurance of personal and informal ties. Over time, with new industry needs or through strategic developments on the part of firms, these relationships may be reactivated and revert into strong ties. The reinvigoration of these ties, however, often involves a redefinition of the terms of the collaboration in line with changing requirements. The findings indicate that latent ties may remain important to motorsport companies, and their endurance guarantees that valuable connections to resources and knowledge are not lost. Moreover, latent ties may subsequently become centres of newly relevant knowledge (at least from the point of view of the company who suspended the exchange). In these circumstances, latent ties become sources of novel ideas and knowledge. However, the persistence of redundancy, coupled with the disappearance of personal ties and minimal development in the content of the exchange, may signal the decay of the relationship. The empirical evidence on actions Two specific examples will elaborate how introducing the notion of latency in ties helps us understand redundancy and network dynamics. The first focuses on the problem-solving activities undertaken by a technology specialist company in the United Kingdom in relation to extrusion technology and the decline in the relevance of knowledge supplied by newly formed strong ties.
Given the complexity of extrusions, the UK supplier company had to engage in extensive search activities to locate new partners capable of helping in the advancement of the technology through their unique and tacit knowledge. The identification of two technically capable companies, however, was not enough, and the supplier company needed to develop and strengthen relationships in order to benefit from their unique experience and obtain customized knowledge. Joint experimentation and work took place for a number of years but was ultimately stifled by the inability of the two extrusion companies to achieve the desired results (one in technical terms and the other operationally) and hence contribute to the solution of this complex technical problem. This example empirically demonstrates Obstfeld's (2005) action problem whereby a source of useful knowledge was identified but could not be successfully mobilized. This led the supplier company to suspend any exchange and maintain the two relationships in a latent state as future development work could prove successful. The business manager elaborates on this point:
We will have made hundreds of samples to try and find ways of creating different angles and from that we will have developed these hollow sections, because where that mismatch in the shape is there, instead of that now we have that hollow section. But those hollow sections there are very few people in the world that can produce a hollow section out of aluminium in that sort of shape. There's one company in Holland that told us they could do it, and they've been trying to do it now for three years and still can't do it, they've not been successful and we've found one company in America who have been reasonably successful and certainly for the last six years that's the company that we've been using. The difficulty we have with them is that because they're the only people that's proven they can do that extrusion for us in all the different shapes and thicknesses we need, they've become so successful they now can't cope with the work and they're not expanding fast enough, so the lead time for that extrusion has gone up from 3 weeks to now they're quoting us 10 weeks lead time, which is very, very slow. Although the supplier company was able to come up with an alternative solution to this complex technical problem, the maintenance of latent ties with the two extrusion companies was motivated by the specific investments in research and development jointly undertaken and the lack of alternative sources of technical knowledge. As the business manager pointed out, the solution developed in-house allowed the company to keep on with its tight deadlines, but it proved to be much more expensive and less innovative. The inadequacy of this situation (in technical and cost terms) meant the company retained at least a latent connection to the two aluminium extruders.
A further example shows how a German racing-car manufacturer racing in the Le Mans series (Ge-LeMans) has managed a number of latent connections and their subsequent reactivation for the completion of a complex and difficult project involving the introduction of diesel engine technology into racing. In this case, the maintenance of latent ties superseded the alternative of adding extra new potential ties.
Ge-LeMans has worked for many years with a selected group of proven partners. Relationships, however, have been intense and active only during the implementation of major technical developments, whereas at other times they have been kept dormant. The retention of these ties was motivated by the fact that these suppliers were leaders in their field of expertise and over the years displayed a proven ability to work under the immense pressures and the tight time frames required at points in motor racing. Specifically, the German car manufacturer managed these latent connections by fostering the development of informal relationships at the individual level and by providing the partners with dedicated engineers who would constantly liaise both during and outside codevelopment activities. The presence and endurance of these informal relationships, coupled with the established norms of interaction, have allowed the German racing-car manufacturer to preserve these latent connections in a state of operational near-readiness. The racing-car manufacturer took the decision to concentrate on existing connections rather than expanding the network, thus avoiding the time and expense of search and the problems of establishing and managing new relationships.
The reactivation of these relationships, as in the case of the development of a diesel engine for the Le Mans series in 2003, was prompted by Ge-LeMans and promoted through a series of multiway discussions and meetings to discuss the feasibility of the project. The decision to renew the collaboration with past partners rather than to forge new ties ex novo was made because of the reliability of those partners, the quality of their previous work, and the unique knowledge they were able to bring to the project. Moreover, having worked on past projects, they were judged to be better able to understand the racing-car manufacturer's requirements and to respond to unforeseen circumstances compared to prospective new partners. The head of engine development at Ge-LeMans recounts the events:
When the idea for the project came up, my first job was to talk to them [suppliers] to give them an idea of what we wanted to make and what they are expected to do and to ask whether they are prepared to follow us and what is their opinion about that. At the beginning they wouldn't say it was impossible, but pretty close to it. But I dedicated time to explain the project to them and ask whether they would follow us-no matter how difficult it would have been to achieve that. And the commitment was 100%
In general, one or two engineers from [Ge-LeMans] are assigned to each of our partners to keep communication going. They work directly with the suppliers and have regular meetings with them to discuss plans of development, costs, problems, etc. This brings huge benefits because the understanding between the companies is much deeper and there is a greater chance to learn from each other.
Collaboration with the partners during this project, as in others, was quite intense and involved the codevelopment of specific components designed to fit in the diesel engine. The result of this collaboration was diesel engine technology that produced the first-ever purposebuilt diesel racing engine.
Moving beyond these specific examples, the evidence gathered in this study suggests that ties may remain latent, sometimes for considerable periods, but retain the possibility of reactivation. The successful renovation of the relationships and the reestablishment of collaboration, however, rest on three key factors. These are the presence of personal and informal individual-level ties, formally established routines and/or norms of interaction founded on past experiences of working together, and the quality of the partner in terms of its reputed expertise and reliability, particularly on the basis of past collaboration between partners. These features make the maintenance of latent ties both feasible and desirable. The empirical evidence supports the conceptualization of latent ties as formerly strong ties that are temporarily dormant; ties formed purely around the transfer of codified knowledge are unlikely to develop and are more likely to die out quite quickly once exchange ceases.
With regard to the questions of effectiveness and efficiency in networks, the evidence indicates that firms may prefer to maintain latent ties rather than engage in search activities and that they report the reactivation of these ties as both more efficient (in terms of time and resources) and more effective (in terms of innovation outcomes). Latent ties thus appear as a vital feature of motorsport networks and represent a key response on the part of firms to the challenges faced in dynamic environments. Table 5 summarizes the key characteristics and formation features of each type of tie and relates these to knowledge creation and flows.
Discussion and Future Research
This paper addresses issues of network dynamics and evolution through an extension of the strong/weak tie distinction. It introduces potential and latent forms of interorganizational tie and empirically explores the processes of tie development and network management. A crucial question in understanding the development of efficient and effective networks is how firms can 
NETWORK TIES Description
Strong ties Characteristics Represent (and further promote) the development of close relationships, the establishment of interpersonal linkages, and the sharing of specific knowledge and resources that are not publicly available. They can be costly to maintain in terms of time and resources.
Formation
Interorganizational ties are developed over time through a progressive involvement of suppliers in the early stages of product development and the creation of interpersonal linkages. In terms of strategic action, their formation depends on the value and scarcity of the knowledge offered by suppliers and racing-car manufacturers' decision to invest in a specific relationship. Formation is also influenced by issues of homophily and status.
Problems
Their presence generally leads to redundancy of knowledge/resources in the network over time. A large number is expensive to maintain in terms of time and resources and may contribute to problems of network overload.
Activity
Provide firm-specific, complex knowledge, the underpinning basis for collaboration; and the prospect of network-level knowledge creation.
Weak ties Characteristics
Ties that can be used to provide resources and information that are readily codifiable and often relatively widely available. They generally involve lower maintenance costs than strong ties.
Formation
They are represented by suppliers offering generic product/services that are widely available in the motorsport industry and can be easily sourced.
Problems
They contribute to innovation and knowledge creation in a limited way unless they are developed further. When excessive in number, they may generate network overload.
Activity
Primarily provide codifiable information and fairly standard goods and services.
Potential ties Characteristics
Embryonic ties that may be the source of new technologies or knowledge. Once a potentially valuable idea/piece of knowledge is identified, potential ties can be further developed into strong ties. This is particularly the case for those suppliers that can provide innovative and unique knowledge.
Formation
Involves both proactive searches for new knowledge developments and simple responses to technical problems. They may be initiated by individuals who act as "technological gatekeepers" and search for, carry, and disseminate information by operating in a wider context than the motorsport industry. They may also be formed through more prosaic and serendipitous circumstances or by strategic organizational routines.
Problems
The relationship does not develop, new ideas are not necessarily implemented, and potential ties remain weak or die. Developing the tie can require significant time and resources.
Activity
They are a source of new ideas and knowledge. If transfer takes place at an early weak-tie stage, or they are developed into strong ties, they can stimulate innovation and knowledge creation.
Latent ties Characteristics
Ties that have begun to provide redundant knowledge/resources; therefore, exchange is temporarily suspended. These ties may be subsequently reactivated if they become sources of novel ideas and knowledge or circumstances change to create new demands.
Formation Typically, with suppliers whose products/resources have become less relevant. The reactivation of latent ties is likely to be more straightforward and rapid than is the formation of new strong ties, because the partners have a history of productive exchange.
Problems
Ties formed purely around the exchange of information/resources that have become widely available may further decay.
Activity
Little or no activity at the interorganizational level, unless ties are reactivated.
continue to ensure they have access to the resources that they need without succumbing to the redundancy and overembeddedness of dense networks, or the danger of overloading the network through continually seeking new weak ties. The research shows the importance of both proactive search activities as well as the identification of potential ties, and the managed latency of some (temporarily) redundant ties, in retaining and developing a network's access to novel ideas and the capability to mobilize new resources.
Our research makes three important contributions to current understanding of the challenges of managing networks. First, it extends current conceptualizations of network ties beyond the distinction between strong and weak and in doing so advances understanding of tie and network dynamics. Specifically, this paper introduces potential and latent ties and shows how these types of ties are important in explaining network development. Potential ties are new embryonic relationships that have the opportunity of, and potential for, further development, whereas latent ties are established strong ties that are currently dormant. Our findings show how motorsport companies use these ties as mechanisms for organizing their product development activities and accessing new technological developments. In going beyond cross-sectional analyses and the strong/weak tie dichotomy, we develop a processual understanding of network development and show how networks evolve through actors' looking at new opportunities (developing potential ties) and/or by suspending exchange with others that are redundant (maintaining latent ties).
Second, this paper reports and evaluates firms' strategic actions and contributes to research on "agency" in networks, especially with regard to search activities intended to promote network diversity. Organizational theorists have shown that future tie formation is largely determined by past ties and that organizations display a strong tendency toward forming ties with the same partners or with their partner's partners (Baum et al. 2005 , Gulati and Gargiulo 1999 , Sorenson and Stuart 2001 , Zaheer and Soda 2009 . Hence, existing research predicts that networks tend to evolve endogenously (Rosenkopf and Padula 2008) and remain locked into a pattern that generates increasingly closed circles of interaction and redundancy. Although the European motorsport industry follows this pattern of development to a certain extent, the findings also show that motorsport companies deviate from this path dependency and take strategic action in two substantive ways: (1) by forming new ties with distant or heterogeneous partners, and (2) by temporarily suspending exchange with existing partners. By engaging in these purposive actions, firms both strengthen and weaken ties in order to promote network optimality in terms of knowledge flows. Motorsport companies form, suspend, or dissolve network links in ways that alter the network structure, but this should not be taken to imply they are hyperrational actors endowed with full information about network structures and capable of determining them. Indeed, serendipity and casual encounters also play a vital role in the evolution of network structures. Our findings complement other work on search activities, and in particular, this paper advances understanding of the nature and purpose of search and illuminates the factors that promote the formation of distant ties. These search activities can take four forms that vary in terms of the extent to which they are personal or organizational, as well as the degree to which they are informal and serendipitous or strategic and targeted. Factors such as intense competition and the rapid obsolescence of the technologies in use play an important role in affecting actors' strategic choices over the search for new partners or the renewal of past ties. The evidence shows that motorsport companies display a preference for multiconnectivity (Powell et al. 2005) , pursuing multiple independent paths and increasing the diversity of the knowledge reached.
Third, in developing this extended conceptualization of types of tie and incorporating strategic action, this paper sheds much-needed light on how the challenges of network overload and redundancy can be addressed. As has been reported elsewhere, the strengthening of ties through repeated exchange with existing partners makes knowledge flows in the network increasingly redundant (Maurer and Ebers 2006) . This redundancy is further exacerbated by aspects of the search activities by organizations in their quest for novel technological developments (Gulati et al. 2012 ) and the increasing number of ties that are accumulated. As a way to counteract this process, firms temporarily suspend exchange through those relationships that offer limited current contributions or that have become less attractive for various reasons. These latent ties may remain part of the network in a dormant state for considerable periods of time. The management and retention of these latent connections, however, rests largely on the existence and endurance of informal and personal ties. These individual-level ties play an important role in the reactivation of organization-level ties, and their demise may herald further decay in the relationship. Here, the evidence supports and further extends the work of Shipilov and Li (2012) on the value of interpersonal ties.
Our findings offer important insights into the practical problems of network dynamics and how firms seek to overcome them. We show that motorsport companies prefer to renew past latent relationships rather than to forge new ties ex novo when existing partners exhibit unique expertise, high reliability, and quality of work. Moreover, given their history of successful exchange, the reactivation of latent ties may provide a quicker and smoother way to handle new developments and emerging problems. Therefore, a key implication of our findings is that during periods of redundancy and overload, it is more efficient (less time and resource expensive) and more effective (shared history and understanding) to reactivate latent ties to work in new ways and/or exchange different resources rather than to forge new potential ties.
There are a number of implications of this study for future research. The data highlight the complex and dynamic nature of networks. Contrary to much of the recent literature (for example, see Dyer and Nobeoka 2000) , the findings of this study suggest that strong tie networks are not necessarily best suited for dynamic environments, such as the motorsport industry, which require constant adaptation and the introduction of new technologies. As noted by Afuah (2000) , a network may become so inwardly focused that it will be unable to respond to major technological innovations that develop outside. To avoid the danger of overembeddedness (Uzzi 1997) , motorsport companies not only maintain a number of arm's-length connections but also engage in the search for potential partners and suspend exchange with current ties. This raises the question of how context specific the findings of the current study are. Future research in other sectors would add to the findings presented here.
Our research complements the observations of Gulati et al. (2012) by unpacking and evaluating the stages and processes of relationship formation, suspension, and decay, but it also suggests that strategic action can increase the innovativeness and vitality of a network and stave off decline (see Gulati et al. 2012) . Further research on the strategic actions of network participants would extend our understanding of these phenomena. Notwithstanding the opportunity for strategic action, the evolution of any network will be emergent, and its specific features are informed by the extent to which latent and potential ties, as well as strong and weak ties, are present. These structural features of networks and their implications are worthy of further research and offer the prospect of extending our understanding of the coevolution of network structures and knowledge flows-that is, the interrelationship between a network's structure and processes and the creation and flow of knowledge across that network. The elaboration of types of tie and stages of tie development provided in this paper allow for a more sophisticated assessment of the relationships between network density, individual tie strength, and knowledge creation (see McFadyen et al. 2009 ). For example, do networks with high levels of latency respond more rapidly and successfully to discontinuous technological innovations? Do networks with high numbers of potential ties remain less dense over time, and what effects do these ties have on knowledge creation?
The qualitative approach used to explore issues of tie dynamics and actors' strategic orientation in relation to knowledge transfer and creation was appropriate for this exploratory study and provided rich descriptions of how motorsport companies operate and act at the network level. In particular, the use of interviews and the vast amount of background information about the motorsport industry provided a deep understanding of how different network ties are formed and how motorsport companies use them. A first step in developing the robustness and analytical value of conceptions of potential and latent ties would be to subject these to testing through survey methods. This process would involve developing the dimensions of these ties that might then be evaluated through quantitative data analyses. Indeed, the research raises a number of specific issues worthy of further empirical evaluation through both quantitative and further longitudinal qualitative research: How do actors' logics of attachment, orientations to action, and perceptions of the potential value of developing closer relationships inform the prospects of potential ties? What is the relationship between types of partners (as outlined in Table 2 ), the scarcity and value of knowledge, and the nature of tie development? What is the relative influence of strategic orientations, industry structures, and market conditions on perceived knowledge needs and thus search activities? How do proactive and reactive search activities differ in the way they identify potential ties and facilitate the prospects of tie development? What are the interrelationships between the ties of individual actors and latent and potential ties at the interorganizational level? Further research on these issues could provide better understanding of the dynamics and operations of networks.
